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TITLE 

Infusion Site Leak Detection System and Method of Using the Same 

FIELD OF THE INVENTION 
5 This invention relates to infiision site leak detection systems and, in particular 

embodiments, to leak detection systems that detect when fluid is leaking under a 
delivery device, such as an infusion pump or an infusion set, near an infusion site. 

BACKGROUND OF THE INVENTION 

1 0 Continuous subcutaneous infusion of medications is becoming increasingly 

important. Typically, an individual uses a small pager size programmable pump to 
deliver a medication through a flexible plastic tube to an infusion set. The infusion 
set deUvers medication to an individual's subcutaneous tissue through the use of 
either a rigid needle that is left in the tissue or through a flexible cannula that remains 

15 in the tissue after being inserted via a removable needle. The most common infiised 
fluid is insuUn. Currently, more than 70,000 individuals in the U.S., and about 
30,000 more individuals worldwide, use subcutaneous infusion of insulin for the 
treatment of diabetes mellitus. However, other infused fluids include HIV drugs, 
dmgs to treat pulmonary hypertension, iron chelation dmgs, pain medications, and 

2 0 anti-cancer treatments. 

Generally, one end of the cannula is attached to the infusion set and the other 
end is inserted through the individual's skin. An adhesive pad on a bottom of the 
infusion set adheres the iniusion set to the individuars skin. Clear adhesive tape is 
often placed over the infusion set and in contact with the individual's skin to further 

2 5 secure the infusion set and cannula, 

A leak near the infusion site can be one of the most serious problems that 
occurs while infusing a medication. Traditionally, leaks near the infusion site are 
caused by inadvertently pulling the cannula out of the body, or separating the cannula 
from an infusion set, or an inadequately sealed infusion set. A medication leaking 

3 0 near the insertion site is often trapped by the adhesive and collects between the 


-1- 


wo 01/68163 PCT/USOl/07481 

infusion set and the skin. And, even though the infusion set is typically made of 
clear plastic, it is hard for the individual to look at the infusion set and tell the 
difference between medication passing through the infusion set, and medication 
collecting mider the infusion set. Also, most infused medications are delivered at a 
5 rate as low as a few micro liters per hour (ixl/Hr.). This delivery rate is so slow that 
individuals typically cannot discern between body moisture, such as sweat, and 
medication that has leaked onto the surface of their skin near the infusion site. Thus, 
hours may pass before a medication begins to seep out from under the adhesive pad 
and drip down the individuaFs skin, drawing their attention to the leak. Li the 
1 0 meantime, the individual may suffer significant consequences due to the lack of 

medication in their system. In the case of a diabetic individual infusing insulin, for 
example, the user could pass out due to hyperglycemia before realizing that insulin is 
not entering their body. 


15 SUMMARY OF THE DISCLOSURE 

According to an embodiment of the invention, a leak detection system is to 
detect the presence of a fluid to be delivered into an individual's body that has leaked 
near an infusion site. Embodiments of the present invention include a delivery 
device, a deUvery element and at least one chemical. The delivery device is adapted 

2 0 for attachment to the individual's body. The delivery element is configured to 

penetrate the individual's body at the infusion site and establish fluid commimication 
between the delivery device and the individual's body, so that the fluid can travel 
from the delivery device into the individual's body. The at least one chemical is 
positioned near the infiision site and reacts with at least one component within the 

2 5 fluid when the fluid is present near the infusion site. 

In particular embodiments, a product of a chemical reaction, between the at 
least one chemical positioned near the infusion site and the at least one component 
within the fluid, is a colored complex. In specific embodiments, the at least one 
chemical positioned near the infusion site contains at least 4-amiao-antipyrine and 

3 0 potassium ferricyanide. In other embodiments, the at least one chemical positioned 
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near the infusion site contains at least 4-amino-antipyrine and potassium ^erricyanide 
and horse radish peroxidase (HRP). Alternatively, the at least one chemical 
positioned near the infusion site contains at least ninhydrin. In additional 
embodiments, the at least one chemical positioned near the infusion site contains at 
5 least Coomassie BrilUant Blue. 

Various methods may be used to position the at least one chemical near the 
infusion site. M some embodiments, the at least one chemical positioned near the 
infusion site is encapsulated in micro-spheres. In other embodiments, the at least one 
chemical positioned near the infusion site is a component of a gel. In further 
1 0 embodiments, the at least one chemical positioned near the infusion site is a 
component of an adhesive. And m still further embodiments, the at least one 
chemical positioned near the infusion site is associated with starch granules, hi 
particular embodiments, the dehvery device includes a base, and the at least one 
chemical positioned near the infusion site is embedded in the base of the dehvery 
1 5 device. Finally, in other embodiments, the at least one chemical positioned near the 
infusion site is deposited on the individual's body. 

hi particular embodiments, the dehvery device is an infusion set. In other 
embodiments, the delivery device is an infusion pump. 

According to another embodiment of the invention, a leak detection system to 
2 0 detect the presence of a fluid to be dehvered into an individual' s body that has leaked 
near an infusion site includes a dehveiy device, a delivery element, an adhesive tape, 
and at least one chemical. The dehvery device is adapted for attachment to the 
individual's body. The dehvery element is configured to penetrate the individual's 
body at the infusion site and estabhsh fluid communication between the dehvery 

2 5 device and the mdividual's body, so that the fluid can travel from the dehvery device 

into the individual's body. The adhesive tape is applied to a portion of the 
individual's body to hold the dehvery device on the individual's body. The at least 
one chemical is associated with the adhesive tape and reacts with at least one 
component within the fluid when the fluid is present near the infusion site. 

3 0 In particular embodiments, a product of a chemical reaction between the at 
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least one chemical associated with the adhesive tape, and the atleast one component 
within the fluid, is a colored complex. In additional embodiments, the at least one 
chemical associated with the adhesive tape is included with the adhesive on the 
adhesive tape. 

5 According to a further embodiment of the invention, the leak detection 

system, to detect the presence of a fluid to be delivered into an individual's body that 
has leaked near an infusion site/ includes a delivery device, a dehvery element, at 
least one chemical, an optical receiver, and a light conducting element. The delivery 
device is adapted for attachment to the individual's body. The delivery element is 

1 0 configured to penetrate the individual's body at the infusion site and establish fluid 
communication between the dehvery device and the individual's body, so that the 
fluid can travel from the delivery device into the individual's body. The at least one 
chemical is positioned near the infusion site, and reacts with at least one component 
within the fluid when the fluid is present near the infusion site. A product of a 

15 chemical reaction between the at least one chemical positioned near the infusion site 
and the at least one component within the fluid is a colored complex. The Ught 
conducting element guides Ught from a point near the infusion site to the optical 
receiver. The optical receiver detects a change in light when the colored complex is 
created by the chemical reaction and provides an output signal indicating that a leak 

2 0 is detected. In particular embodiments, the light conducting element is at least one 
fiber optic cable. In alternative embodiments, the hght conducting element is a 
flexible plastic tube filled with the fluid. In particular embodiments, the leak 
detection system includes an alarm system, controlled by the output signal, to notify 
the individual when a leak is detected. In more particular embodiments, the alarm 

2 5 system produces an audible sound when a leak is detected, and in other 

embodiments, the alami system activates a vibrator when a leak is detected. 

According to yet another embodiment of the invention, a leak detection 
system to detect the presence of a fluid to be delivered into an individual's body that 
has leaked near an infusion site includes a delivery device, a delivery element, a 

3 0 rosette, at least one electrical component, and a battery. The delivery device is 


wo 01/68163 PCT/USOl/07481 

adapted for attachment to the individual's body, and the dehveiy device includes a 
delivery device base. The delivery element is configured to penetrate the 
individual's body at the infusion site and establish fluid communication between the 
delivery device and an individual's body, so that the fluid can travel from the 
5 deUvery device into the individual's body. The rosette is positioned on the delivery 
device base and substantially surrounds the delivery element. The at least one 
electrical component is coupled to the rosette and detects a change in at least one 
electrical characteristic associated with the rosette when a leak occurs. The battery 
supplies power to the at least one electrical component. 
10 In particular embodiments, the rosette is a closed circmt, and the impedance 

across the rosette decreases as fluid leaks near the infusion site. In alternative 
embodiments, the rosette is a closed circuit before a leak occurs, and at least portions 
of the rosette dissolve in the presence of the fluid. The impedance across the rosette 
increases as the at least portions of the rosette dissolve. In other particular 
1 5 embodiments, the rosette is an open circuit, and the circuit is closed when fluid leaks 
near the infusion site. In altemative particular embodiments, one or more chemicals 
are positioned near the infusion site, and leaking fluid near the infusion site triggers 
an electrochemical reaction with the chemicals. 

In particular embodiments, the at least one electrical component measures 
2 0 voltage across the rosette. In oflier particular embodiments, the at least one 
electrical component measures impedance across the rosette. In still other 
embodiments, the at least one electrical component measures capacitance across the 
rosette. 

la particular embodiments, the leak detection system includes an alaim 

2 5 system, coupled to the battery and to the at least one electrical component, to notify 

and indicate when a leak is detected. The alarm system produces an audible sound 
when a leak is detected. In altemative embodiments, the alarm system activates a 
vibrator when a leak is detected. 

According to an embodiment of the invention, a leak detection system to 

3 0 detect the presence of a fluid to be delivered into an individual's body that has leaked 
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near an intended delivery site includes a delivery attachment element, a delivery 
element, and at least one reactive element. The delivery attachment element is 
adapted for attachment to the delivery site and the deUvery element. The delivery 
element is configured to penetrate the delivery site and establish fluid 
communication between the delivery attachment element and the individual's body, 
so that the fluid can travel from the delivery attachment element and into the 
individual's body. The at least one reactive element is positioned near tiie deUvery 
site and coupled to at least one of, the delivery attachment element and the delivery 
element, so that when the fluid is present near the deUvery site, the at least one 
reactive element reacts with at least one component within the fluid, 

BRIEF DESCRIPTION OF THE DRAWINGS 

A detailed description of embodiments of the invention will be made with 
reference to the accompanying drawings, whereia like numerals designate 
corresponding parts in the several figures. 

Fig. 1 is a diagram showing an infusion set attached to a body, a flexible tube, 
and an infusion pump according to an embodiment of the present invention. 

Fig. 2a is a cross-sectional side view of an iafusion set attached to a body 

tissue. 

Fig. 2b is a perspective bottom view of the infusion set of Fig. 2a with a pad 
partially cut away. 

Fig. 3a is a side view of an infusion pump attached to a body tissue, with a 
partial cut away of the pump, showing a cross-sectional view of a delivery element 
penetrating the body tissue. 

2 5 Fig. 3b is a side view of another infusion pump attached to a body tissue, 

showing a cross-sectional view of a delivery element penetrating the body tissue. 
Fig. 4 is a diagram of a phenol molecule. 
Fig. 5 is a diagram of a benzyl alcohol molecule. 
Fig. 6 is a diagram of a 4-amino-antipyrine molecule. 

3 0 Fig. 7 is a diagram of a potassium ferricyanide (K3Fe(CN)6 molecule. 
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Fig. 8 is a diagram of a bright blue chemical complex. 

Fig. 9 is a cross-sectional side view of the infusion set of Fig. 2a, with a fiber 
optic cable. 

Fig. 1 Oa is a top view diagram of an unintermpted rosette substantially 
5 surrounding an infusion site. 

Fig. 10b is a top view diagram of a discontinuous rosette substantially 

surrounding an infusion site. 

Fig. 10c is a top view diagram of an unintermpted rosette with a dissolvable 
portion substantially sxirroimding an infiision site. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As shown in the drawings for purposes of illustration, the invention is 
embodied in an infusion leak detection system designed to indicate the presence of a 
fluid lo be delivered into an individuar s body that has leaked near an infusion site. 

15 The infusion site is at a location where a delivery element, such as a cannula, needle, 
or the like, penetrates an individual's body. Preferably, one end of the delivery 
element is attached to a delivery device and the other end is inserted through an 
individual's skin temiinating in an individuaFs subcutaneous tissue. The delivery 
element estabUshes fluid communication between the delivery device and the 

2 0 individual's subcutaneous tissue. In alternative embodiments, the delivery element 
may terminate in an other tissue such as, muscle, organ, inter-peritoneal, intra- 
peritoneal, or the like. The delivery device is attached to the surface of the 
individual's skin. In preferred embodiments of the present invention, the detection 
system includes a chemical positioned near the infusion site that reacts with 

2 5 preservatives in the leaking fluid to generate a highly visible, brightly colored, 

chemical complex. In altemative embodiments, mechanical, electro-optical, 
electrochemical, electrical or other chemical systems may be used to detect the 
presence of fluid that is leaking near the infusion site. Preferred embodiments are for 
use with human beings; however, altemative embodiments may be used with animals 

3 0 or fluid flow applications where detection of small amotmts of leaking fluid is 
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important. 

An infusion pump regulates the flow of fluid into an individual's 
subcutaneous tissue. In preferred embodiments, shown in Fig. 1, the fluid flows 
firom an infusion pump 10, through a flexible tube 12, and into the delivery device 
5 such as, an infusion set 14, or the like, that is adhered to the individual's skin 16. 
Infusion sets 14 that may be used as a delivery device are described in, but not 
Umited to, U.S. Patents; 4,723,947; 4,755,173; 5,176,662; and 5,584,813; and 
disclosed in U.S. Patent Application Serial No. 09/034,626 (attomey docket PD- 
0269), filed March 4, 1998 and entitled 'Medication Infusion Set", which are hereby 

1 0 incorporated by reference. The infusion pump 10 may be of the type described in 
U.S. Patents 4,562,751; 4,685,903; 5,080,653; 5,505,709; and 5,097,122; and 
disclosed in U.S. Patent Application Serial No. 09/334,858 (attomey docket PD- 
0294), filed June 17, 1999 and entitled " Infusion Pump With Remote Programming 
and Carbohydrate Calculator Capabilities", which are hereby iacorporated by 

1 5 reference. Alternatively, other infusion pumps may be used for deUvery of fluid 

through an infusion set 14 to an individual's body. As shown in Fig. 2a, the delivery 
element, such as a cannula 1 8 or the like, directs the fluid from a cavity 54 inside the 
infusion set 14, through the individual's skin 16, and into the individual's 
subcutaneous tissue 22. The characteristics of caxmula 18, such as the length, inner 

2 0 and outer diameter, end configurations, and materials may vary depending on the 
tissue type that the cannula is inserted into, the volume and type of fluid being 
infused, the configuration of the delivery device and other parameters. In alternative 
embodiments the delivery device is an iofiision pump 24 adhered directly to the 
individual's skin 16. In a particular embodiment, shown in Fig. 3a, the infusion 

2 5 pxmip 24 has a cannula 1 8' as the delivery element, to deliver fluid directly from the 

infusion pmnp 24 through the individual's sldn 16 to. the subcutaneous tissue 22. 
Fig. 3b shows another particular embodiment illustrating infusion pump 24'with a 
needle 26 for the delivery element. The infusion pump 24 may be of the type 
described in U.S. Patents; 4,902,278; 5,785,688; 5,814,020; 5,848,991; and 

3 0 5,858,001; or other small disposable pumps for delivery of fluid through a delivery 
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element to an individual's body. In particular embodiments, other fluid conducting 
delivery elements are used such as, capillaries, conduits, needles, lumens, or the like. 

The most common cause of leaking fluid is due to the delivery element 
inadvertently sHpping out of an individual's body. This generally occurs if the 
5 delivery device (an infusion set 14 or an infusion pump 24) connected to the deUvery 
element, hfts away j&om the individual's skin 16. Consequently, in preferred 
embodiments, the deUvery device includes one or more pads 28 to attach the deUvery 
device to the individual's skin. The pads 28 include an adhesive, and the pad may be 
made of an adhesive, foam, glue, tape, a substrate coated with adhesive, or the like. 

10 The pads 28 are generally arranged around the infusion site 30 and serve to hold the 
delivery device on the individual's skin 16. One of the one or more pads 28 maybe 
located on a delivery device base 32. Pads 28 are various sizes and shapes to 
accommodate the different footprints that different deHveiy devices have on the 
individual's skin 16. A pad 28 for an infusion set 14 is shown in Figs. 2a and 2b. 

1 5 Pads 28' and 28", shown in Figs. 3a and 3b respectively, are attached to the delivery 
device bases 32' and 32" respectively for particular embodiments of infusion pumps 
24 and 24' respectively. In other embodiments, the delivery device is held to the 
individual's skin 16 with a tape 34. hi still other embodiments, both the adhesive of 
the pad 28 and tape 34 are used to secure the dehvery device to the individual's skin 

20 16. 

There may be other causes of leaking fluid near the infusion site 30. For 
Example, the cannula 1 8 may separate from the deUvery device or an inadequately 
sealed delivery device could leak fluid. In these cases, fluid leaking near the infusion 
site 30 may be trapped by the surrounding pads 28 and collect between the delivery 

2 5 device and tlie individual's skin 16. Consequently, the fluid is substantially not 

infused into the individual' s body. 

In preferred embodiments ttie infused fluid is insuUn. However, many other 
fluids may be administered through infusion such as, but not limited to, HIV drugs, 
drugs to treat puhnonary hypertension, iron chelation drugs, pain medications, anti- 

3 0 cancer treatments, vitamins, hormones, or the like. 
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Most fluids designed for parenteral administration (and/or infiisiotO contain a 
preservative. The most commonly used preservatives are based either on a phenol 
system 32 or a benzyl alcohol system 34. Examples of these systems are shown in 
Figs. 4 and 5 respectively. Thus, one approach to detecting a leak is to trigger a 
5 chemical reaction that is observable by an individual when any of these preservatives 
are present in a fluid leaked near the infusion site 30. 

In preferred embodiments, a clear gel containing 4-amino-antipyrine 36, 
shown m Figs. 6, and potassium ferricyanide 38 (K3 Fe (ClSQe), shown in Fig. 7, is 
deposited on the delivery device base 32, wdthin the pad 28, or with an adhesive. In 

1 0 particular embodiments, the dehvery device is a clear plastic infusion set 14 with a 
delivery device base 32 as shown in Figs 2a and 2b. In other embodiments, such as 
the one shown in Fig. 3 a for example, the delivery device is an infusion pump 24 
with clear plastic parts incorporated in the infusion pump (not shown)^ as necessary, 
for the individual to see through the infusion pump 24 and observe the gel near the 

15 infusion site 30. In alternative embodiments, the dehveiy device may include other 
clear (optically transparent) materials, such as glass, creams, crystal, laminates, or the 
like for the individual to see through the delivery device and observe the gel near the 
infusion site 30. 

In other altemative embodiments, the chemicals are deposited on a pad 28 
2 0 made of hydrogel, cloth, fibrous material, porous material, or other materials that 
wick away fluid, so that the leaking fluid firom the infusion site 30 is drawn to the 
edges ofthe pad 28. Then the color change firom the reaction can be seen around the 
edges ofthe delivery device. The pad 28 may extend beyond the perimeter ofthe 
dehvery device so that the edges of the pad 28 are easily observable to the user. In 

2 5 this embodiment, portions of the delivery device or the entire delivery device may be 

opaque since the color change does not have to be observed through the device. 

When a leak occurs, the preservative in the parenteral fluid reacts with the 4- 
amino-antipyrine 36 and potassiimi ferricyanide 38 in the gel. The resulting product 
is a bright blue colored complex 40. Thus, the chemicals, seen through the dehvery 

3 0 device or around the edges of the device, change from clear to bright blue, serving as 
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a visual indicator to the individual that a leak has occurred. A drawing of the 
structure of the resultiag bright blue colored complex 40 is shown.in Fig. 8. The 
time required to detect the leak is typically one to two hours. However, the time 
required for detection may be short as 5 minutes or as long as 8 hours due to the 
5 concentrations of the reactants, 4-amino-antipyrine 36 and potassium ferricyanide 38, 
the concentration of the preservative in the fluid, the leak rate of the fluid, the rate at 
which the leaking fluid spreads and comes in contact with the reactants, the method 
used to deposit the chemicals near the infusion site 30, the temperature near the 
infusion site 30, and the presence of contaminants such as body fluids. In altemative 
1 0 embodiments, the clear gel may be some other color, such as white, cream, off white, 
or the like, or a contrasting color to make the color change noticeable. In other 
embodiments, the colored product is a different color, such as red, yellow, orange, 
pink, green, purple, or the like. 

In altemative embodiments, an enzymatic system is used to ampUfy the 
1 5 chemical color change signal. An enzyme, such as horse radish peroxidase (HRP), is 
added to the gel containing 4-aminoantipyrine 36 and potassium ferricyanide 38. 
When a leak occurs, water in the leaking fluid dissolves the HRP. The HRP then 
acts as a catalyst to, in essence, create an enzymatic amplification of the signal. 
Again, a deep blue colored complex 40 is formed due to the phenol 32 or benzyl 
2 0 alcohol 34 preservatives in the fluid reacting with 4-aminoantipyrine 36 and 

potassium ferricyanide 38. The advantage of the HRP system is that only very small 
amounts of the leaked fluid need to be present to be detected. For example, with 
HRP present in the gel, a fluid leaking at a rate of only 8 microUters per hour can be 
detected in approximately 15 to 20 minutes. Where as without HRP, the same leak 
2 5 might take 1 to 2 hours to be detectable. In altemative embodiments, the time 

required to detect a leak can range from less than 20 sec. to over 4 hours depending 
on the concentration of HRP present in tiie gel, the concentration of the reactants 4- 
aminoantipyrine 36 and potassium ferricyanide 38, the method used to deposit the 
chemicals near the infiision site 30, the rate that the leaking fluid spreads and comes 
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in contact with the reactants, the temperature near the infusion site 30, and the 
concentration of contaminates such as body fluids near the infusion site 30. 

la further alternative embodiments, the 4-aminoaritipyrine 36 and potassium 
ferricyanide 38 are encapsulated in micro-spheres and blended into the adhesive used 
5 to hold the delivery device to the individuars skin 16. hi particular embodiments, the 
micro-spheres dissolve in the presence of an ingredient contained in the infused fluid, 
such as water, alcohol, or the like, v^hich then sets the reactants free to react with the 
preservative in the fluid as described above. Additional embodiments include HRP 
encapsulated in micro-spheres along with 4-aminoantipyrine 36 and potassium 

10 ferricyanide 38. In other embodiments, different methods are employed to position the 
4-aminoantipyrine 36, potassium ferricyanide 38 and perhaps HKP near the infusion 
site 30. These methods include mixing them directly into an adhesive, applying them 
with starch granules, depositing them in pockets formed in a delivery device base 32 
and/or pad(s) 28, encapsulating them and mixing them with a gel, embedding them 

15 into the deUvery device base 32, spreading them on the individuaPs skin 16, or the 
like. Still further embodiments apply the 4-aminoantipyrine 36 and potassium 
ferricyanide 38, perhaps along with HRP, to the adhesive tape 34 applied to the 
delivery device as an overdressing and/or an xmderdressing. For instance, a clear 
adhesive tape 34 prepared with the reactants and/or catalyst can be apphed around a 

2 0 deUvery device that is attached to the individuars skin 16. hi another example, the 

adhesive tape 34 with reactants is placed on the individual's skin 16 under the dehvery 
device. In both instances, when fluid leaks near the infusion site 30, the bright blue 
colored complex 40, product of the reaction, is visible through the adhesive tape 34. 
In other embodiments, where the fluid to be delivered into an individual's 

2 5 body includes a protein, such as an insulin formulation, other reactants may be 

located near the infusion site 30 to produce a color change that signifies a leak. In 
particular embodiments, either ninhydrin or Coomassie BriUiant Blue reacts with the 
protein in the fluid resulting in a brightly colored product. A potential drawback to 
both of these reactants, is that it will irreversibly stain the uidividual's skin 16 until 

3 0 the individual's skin 16 is exfoliated. Thus, other non-staining compounds might be 
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used. 

While chemical reactions are effective at displaying a visual signal (a color 
change) when fluid is leaking, the individual mixst visually inspect around the 
delivery device or at the infusion site 30 to see the visual signal. Thus, alternative 
5 methods of leak detection utihze an audible or tactile notification of a leak in 
addition to, or instead of, a visual only signal. 

In particular embodiments, optical or electrical detection methods provide a 
signal to electronics contained within an infusion pump housing 44. When a leak is 
detected, the electronics activate an alarai. Specific embodiments include an audible 
1 0 alarm that the individual can hear when a leak is detected. Alternative embodiments 
have other alarm mechanisms such as a vibrator, flashing hghts or LEDs, an LCD 
message displaying the cause for alarm, a small scintillating electric shock to the 
individual, a heating element, or the like. In other alternative embodiments, the 
alarm generates at least one notification signal such as by telemetry, radio frequency, 
1 5 optical, infra-red, ultrasonic, laser, telephone, pager, or the like. Infusion pump 

communication apparatuses and methods are disclosed in U.S. Patent Application 
Serial No. 60/096,994 (attorney docket PD-0294), filed August 1 8, 1998 and entitled 
"IivfLXsion Device With Remote Programming, Carbohydrate Calculator And/Or 
Vibration Alarm Capabihties", which is hereby incorporated by reference. In 
2 0 particular embodiments, an alarm notification is stored in a memory device such as 
an on-board memory chip, a computer memory, a palm pilot, computer disks, 
compact disks, a telephone message, a pager, or the hke. In other embodiments, the 
alarm notifies a person other than the individual using the infusion pump (10 or 24), 
i.e. a doctor, a nurse, a parent, a spoiise, a fiiend, a relative, a work mate, or the like. 

2 5 Some embodiments of the current invention use an electro-optical detection 

system in combination with any of the chemical reactions that result in a colored 
chemical product like those previously described. An optical receiver receives light 
from near the infusion site 30. When chemical reactants produce a colored product, 
the optical receiver detects a change in the Ught indicating a fluid has leaked. The 

3 0 optical receiver provides an output signal to the electronics. In particular 
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embodiments, a miniature optical transmitter and receiver are located near the 
infusion site 30. The exterior surface of either the transmitter, or the receiver, or 
both, are coated with reactants that will produce a colored complex 40 in the 
presence of the leaking fluid. When a leak triggers the color change, the optical 
5 signal between the optical transmitter and optical receiver is altered. The optical 
signal is carried to the electronics by a fiber optical cable 42, or is converted to an 
electrical signal and carried to the electronics by electrical wire, or the like. Fig. 9 
illustrates a fiber optic cable 42 that carries a light signal firom the infusion site 30 
through the infusion set 14'. Chemically activated color changes are detected by the 

1 0 optical receiver through the fiber optic cable 42. In alternative embodiments, more 
than one fiber optic cable 42 may be used to carry Ught from more than one location 
near the infusion site 30 to the optical receiver. In another embodiment, the optical 
receiver and an optical transmitter are both located inside the infusion pump housing 
44. A first fiber optic cable runs from the optical transmitter to a point near the 

1 5 infusion site 30, and a second fiber optic cable runs from the optical receiver to a 
point near the infusion site 30. The ends of the fiber optic cables near the infusion 
site 30 are positioned with respect to each other so that light emitted by the optical 
transmitter is detected by the optical receiver. A gap exists between the ends of the 
fiber optic cables near the infusion site 30. Gel, or adhesive, or another carrier media 

2 0 containing the reactants, is placed in the gap between the ends of the fiber optic 

cables. When a leaking fluid triggers a reaction producing a chemical color chiange, a 
change in the Ught signal is detected by the optical receiver. 

Still other embodiments take advantage of the light conducting characteristics 
of the flexible tube 12 when it is filled with the fluid. An optical receiver, located in 

2 5 the infusion pump housing 44, is positioned, with respect to a first end of the flexible 

tube 12, to receive Ught carried through the flexible tube 12 from an infusion set. In 
particular embodiments, a second end of the flexible tube 12 is positioned with 
respect to the cannula 18 of the infusion set, such that Ught entering an exposed 
caimula 18 travels through the flexible tube 12 to the optical receiver. While the 

3 0 cannula 1 8 is in the individual's body, the optical receiver detects virtually no light 
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since very little light passes through the body tissue surrounding the cannula 1 8. 
When the cannula 18 is pulled out, Ught enters the cannula 18 and is detected by the 
optical receiver. The optical receiver responds particularly to hght wavelengths that 
are substantially absorbed or blocked by tissues near the surface of the body. In 
5 other embodiments, the second end of the flexible tube 12 is positioned to receive 
light j&om an area near the infusion site 30. When a leak causes a chemical reaction 
resulting in a color change near the iniusion site 30, the light traveling through the 
flexible tube changes color and the optical receiver detects a change in hght 
indicating that a leak has occurred. 

10 hi embodiments that do not use a flexible tube 12 between the deUvery device 

and tiie infusion pump 10, for example, when the infusion pump is attached directly 
to the individual's skin 16 near the infusion site 30, the optical receiver is located 
within the infusion pump housing and is positioned with respect to the cannula 18 (or 
needle 26) such that light coming from the cannula 18 (or needle) is detected by the 

1 5 optical receiver. If sufficient Ught is detected by the optical receiver, it is an 

indication that the cannula (or needle 26) is not in the individual's body and a leak 
has occurred. 

CMher leak detection methods are based on electrical measurements. An 
infusion pump battery is an available source for the electrical power required to 

2 0 operate an electrically based detection apparatus. Electronics contained within the 

infiision pxmip housing 44 evaluate the signals from the electrically based detection 
apparatus. In preferred embodiments, conductive leads such as, wires, conductors, 
fraces, or the like, are enclosed within the wall of the flexible tube 12 that carries the 
fluid from the infusion pump 10 to an infusion set 14. In particular embodiments, 
25 the conductive leads run through the flexible tube walls in a helical path. In other 
embodiments the conductive leads run straight down the flexible tube 12. 
Alternatively, in other embodiments, the conductive leads are external to the flexible 
tube 12. Additionally, embodiments that include an infusion pump 24 adhered to the 
individual's skin 16 may have conductive leads contained within the infusion pump 

3 0 housing 44 if needed. Further alternative embodiments may include external 
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conductive leads that are printed, silk screened, stamped, ink jetted, adhered, or the 
like onto the flexible tube 12. 

In preferred embodiments, a rosette, which is a pattern of one or more 
conducting elements, is embedded in the delivery device base, or applied to the 
5 surface of the delivery device base, to substantially surround the infusion site 30. 

Conducting elements may be wires, sputtered carbon, plastics doped with conductive 
fillers, epoxies doped with conductive fillers, or the like. Particular embodiments 
employ an active electronic signal to detect changes in impedance across the rosette. 
For instance, a voltage is supplied across the rosette by running conductive leads 

1 0 from the pump battery to different points on the rosette, such as opposite or adjacent 
end points. Then the impedance is measured across the rosette. When fluid leaks 
onto the rosette, the impedance changes and the electronics measure the change in 
impedance to delect a leak. In preferred embodiments, an uninterrupted rosette 46 is 
used, such as an example sown in Fig. 10a; when a fluid leaks near the infusion site 

15 30, it shorts out portions of the rosette 46 providing additional or shorter conductive 
paths across portions of the rosette 46, and the total impedance across the rosette 46 
decreases. The reduction in impedance across the rosette 46 is detected by the 
electronics which indicates a fluid leak. Many other unintermpted rosette patterns 
will work as long as fluid leaking near the infusion site 30 will short out a sufficient 

2 0 portion of the rosette for a measurable change in impedance to be detectable. 

Uninterrupted rosettes have a continuous conductive path so that the voltage drop 
across the rosette is measurable, and is not zero. Thus, a test voltage may be used to 
confirm that there are no disconnects or opens in the circuit leading from the 
electronics to the rosette and back. In preferred embodiments, the impedance of the 

2 5 fluid to be detected, and the impedance of the conductive leads leading from the 

electronics to the rosette are low compared to the impedance across the rosette. 
Thus, the high impedance of the rosette decreases rapidly as relatively highly 
conductive fluid spreads across the rosette. In alternative embodiments, the 
impedance of the fluid and or the leads is not low compared to the impedance of the 

3 0 rosette, and therefore the electronics are tuned to detect small shifts in the change of 
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the impedance across the rosette. 

In other embodiments, portions of the rosette are designed to dissolve away in 
the presence of the fluid being infused. An example of a particular embodiment of 
an uninterrupted rosette 48 with a dissolvable portion 50 near the infusion site 30 is 
5 shown in Fig. 10c. When a leak occurs, at least a part of the dissolvable portion 50 
of the rosette 48 dissolves, and the impedance across the rosette 48 increases. M fact, 
if enough of the rosette 48 dissolves, the rosette 48 may become an open circuit. 
This increased impedance is detected by the infusion pump electronics. Many 
different continuous rosette patterns may be used so long as the dissolvable portion 
10 of the rosette substantially surrounds the infusion site 30. This embodiment is 
functions even if the fluid is not conductive. 

In alternative embodiments, the rosette is discontinuous. The conductive path 
is interrupted and fluid leaked near the infusion site 30 is required to close the open 
circuit. Although many designs of discontinuous rosettes may be used, one 
1 5 embodiment is shown in Fig. 10b. The nonnal voltage reading across the 

discontinuous rosette 52 is zero. Fluid leaked near the infiision site 30 shorts portions 
of the rosette 52 and closes the circuit. The conductive leads, the rosette 52, and the 
fluid near the infusion site 30 must have sufficiently high conductivity compared to an 
open circuit for the fluid to be detected. In other embodiments, a change in 
2 0 capacitance is measured to detect the presence of a fluid. 

In another embodiment, compounds are added into the adhesive so that the 
conductive properties of the adhesive change in the presence of the infiised fluid. 
However, it is preferred that the presence of salt, water or sweat alone does not 
change impedance of the adhesive or if the impedance does change due to salt, water 

2 5 or sweat, that it changes in a predetennined or predictable manner. A rosette, on the 

delivery device base, substantially surrounds the infiision site 30, and is in direct 
contact with the adhesive. But the rosette is insulated from the individual's skin 16 
by the adhesive. Therefore, the rosette does not undergo a change in impedance due 
to natural body fluids on the surface of the individual's skin 16. However, when a 

3 0 fluid leak occurs, the impedance of the adhesive changes, and therefore, the 
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impedance measured across the rosette changes, which is then detected by the 
electronics. 

In alternative embodiments, the rosette may be in contact with a material that 
wicks fluid away Jfrom near the infusion site 30 and spreads the fluid quickly across 
5 the rosette for an accelerated response. In further embodiments, a wicking material 
may be used with the chemical reactions described above, to accelerate the reaction 
or make the resulting product of the reaction more visible. 

In other embodiments, electrical power is not supplied to the rosette. Instead, 
leaking fluid reacts with one or more chemical compoimds in contact with a rosette 

1 0 near the infusion site 30. The electrochemical reaction generates an electrical charge, 
and the voltage measured across a discontinuous rosette increases from zero to a 
detectable voltage level indicating that the fluid has leaked. In particular 
embodiments, two unconnected electrodes 56 and 58, of rosette 52 shown in Fig. 
10b, are made of different metals and coated with different chemicals. The 

1 5 electrodes 56 and 58 are separated from the skin by a material such as a hydrogel or 
other material that is dry before a leak occurs, yet after a leak the wetted hydrogel or 
other material conducts electricity. Either of the electrodes, 56 for example, is made 
of platinum and is coated with HRP and 4-aminoantipyrine 36. The other electrode, 
58 for example, is made of silver that is chloridized. When the electrodes 56 and 58 

2 0 are dry, there is no voltage across the electrodes 56 and 58. Once a leak occurs, the 

phenol 32 or other preservative within the leaking fluid begins to react with the HRP 
and 4-aminoantipyrine 36. The voltage across tlie electrodes 56 and 58 will be about 
650 mV or less. In one embodiment, the voltage is applied across an LED (not 
shown) included as part of the infusion set 14, causing the LED to flash when a leak 
25 is detected. In alternative embodiments, the resulting voltage generated across the 
electrodes 56 and 58 is applied to other notification devices included as part of the 
infusion set 14 such as a piezo electric sound emanating device, another soimd 
emanating device, a piezo electric vibration device, another vibration device, a LED 
that lights up or changes color when the voltage is supplied, a RF transmitting device 

3 0 that signals the infusion pump 10, or the like. In other alternative embodiments, the 


-18- 


wo 01/68163 PCT/USOl/07481 

voltage across the electrodes 56 and 58 is carried by a wire to the infusionT)ump 10 
and the infusion pump 10 triggers an alarm. In still other embodiments, the voltage 
is applied to the individual's skin 16 to notify the individual with a minor electric 
shock. In other particular embodiments, other concentrations or other reactants may 
5 be used to generate a greater or lesser voltage differential across the electrodes. 56 
and 58. In other embodiments, electrode 58 is made of platinum and is coated with 
HRP and 4-aminoantipyrine 36, and the other electrode 56 is made of silver that is 
chloridized. In additional embodiments, other discontinuous rosettes are used. 
In further embodiments, a change in impedance is detected if a delivery 
1 0 device, such as an infusion set 14 or an infusion pump 24, lifts off of the individual's 
skin 1 6 and the delivery element, such as a cannula 18 or a needle 26, becomes 
dislodged from the subcutaneous tissue 22. A change in impedance indicates that the 
deliveo' element is no longer in the individual's body, and therefore the fluid is 
leaking. In particular embodiments, a pair of electrodes are mounted on the delivery 
1 5 device base to measure impedance across the individual's skin 16, When one or both 
electrodes lose contact with the individual's skin 16, the increased impedance 
between the electrodes is sensed by the infusion pump electronics indicating a fluid 
leak. Alternatively, a change in capacitance between the electrodes may be measured 
to detect when the delivery device lifts off of the individual's skin 16. The relative 
2 0 capacitance increases when one or more electrodes lose touch with the individual's 
skin 16. 

Other embodiments use electrodes located on an exterior of the cannula to 
detect whether the delivery element is inserted in the individual's body. Body fluid 
in the subcutaneous tissue 22 is substantially more conductive than infused fluids. 

2 5 When a cannula is pulled from the body, the measured impedance across the 

electrodes on the cannula increases indicating that a leak is detected. Particular 
embodiments include a non-removable needle centered inside a cannula as one 
electrode and a metal sheath on the external surface of the cannula as the other 
electrode. In an alternative embodiments, the electrodes are conductive strips on the 

3 0 external surface of the cannula. Other embodiments include a first electrode attached 
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to the delivery element, such as a cannula or a needle, and a second electrode 
touching the surface of the individuars skin 16, such as on the delivery device base 
attached to the individual's skin 16. This method is easier to use if the delivery 
element inserted in the individual's body is conductive, such as a steel needle, a 
5 cannula with a conductive coating, a camula with conductors on the exterior surface, 
or the like. Again, impedance increases when the delivery element is pulled out of 
the individual's body. Alternatively, capacitance is measured instead of impedance, 
since capacitance increases when the dehvery element is pulled out of the 
individual's body. 

10 In alternative embodiments, the leaking fluid triggers an exothermic chemical 

reaction. The individual feels their skin near the infusion site 30 become warm when 
a leak occurs. Visual inspection of the infusion site 30 is replaced by a tactile 
temperature change. In other embodiments, both the color change method and an 
exothermic reaction are used. 

1 5 While the description above refers to particular embodiments of the present 

invention, it will be understood that many modifications may be made without 
departing fi-om the spirit thereof. The accompanying claims are intended to cover 
such modifications as would fall within the true scope and spirit of the present 
invention. 

2 0 The presently disclosed embodiments are therefore to be considered in all 

respects as illustrative and not restrictive, the scope of the invention being indicated 
by the appended claims, rather than the foregoing description, and all changes which 
come within the meaning and range of equivalency of the claims are therefore 
intended to be embraced therein. 
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WHAT IS CLAIMED IS : 

1 . A leak detection system to detect the presence of a fluid to be 
delivered into an individual's body that has leaked near an infusion site, the leak 

5 detection system comprising: 

a dehvery device adapted for attachment to the individual's body; 
a delivery element configured to penetrate the individual's body at the 
infusion site and establish fluid communication between the delivery device and the 
individual's body, so that the fluid can travel from the delivery device mto the 
10 individual's body; and 

at least one chemical, positioned near the infusion site, that reacts with at 
least one component within the fluid when the fluid is present near the infusion site. 

2. A leak detection system according to claim 1 , wherein a product of a 
1 5 chemical reaction, between the at least one chemical positioned near the infusion site 

and the at least one component withia the fluid, is a colored complex. 

3. A leak detection system according to claim 1, wherein the at least one 
chemical positioned near the infusion site contains at least 4-amino-antipyrine and 

2 0 potassium ferricyanide. 

4. A leak detection system according to claim 1, wherein the at least one 
chemical positioned near the infusion site contains at least 4-amino-antipyrine and 
potassium ferricyanide and horse radish peroxidase (HRP), 

25 

5. A leak detection system according to claim 1, wherein the at least one 
chemical positioned near the infusion site contains at least ninhydrin. 

6. A leak detection system according to claim 1, wherein the at least one 

3 0 chemical positioned near the infusion site contains at least Coomassie Brilliant Blue. 
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7. A leak detection system according to claim 1, wherein the at least one 
chemical positioned near the in&sion site is encapsulated in micro-spheres. 

8. A leak detection system according to claim 1, wherein the at least one 
5 chemical positioned near the infusion site is a component of a gel. 

9. A leak detection system according to claim 1, wherein the at least one 
chemical positioned near the infusion site is a component of an adhesive. 

10 10. A leak detection system according to claim 1 , wherein the at least one 

chemical positioned near the infusion site is associated with starch granules. 

11. A leak detection system according to claim 1 , wherein the dehvery 
device includes a base, and wherein the at least one chemical positioned near the 

1 5 infusion site is embedded in the base of the dehvery device. 

12. A leak detection system according to claim 1, wherein the at least one 
chemical positioned near the infusion site is deposited on the individual's body. 

2 0 13. A leak detection system according to claim 1 , wherein the delivery 

device is an infusion set. 

14. A leak detection system according to claim 1, wherein the delivery 
device is an infusion pump. 

25 
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15. A leak detection system to detect the presence of a fluid toTie 
delivered into an individual's body that has leaked near an infusion site, the leak 
detection system comprising: 

a delivery device adapted for attachment to the individual's body; 
5 a delivery element configured to penetrate the individual's body at the 

infusion site and establish fluid coramunication between the deUvery device and the 
individual's body, so that the fluid can travel from the delivery device into the 
individual's body; 

an adhesive tape that is applied to a portion of the individual's body to hold 
10 the delivery device on the individual's body; and 

at least one chemical associated with the adhesive tape that reacts with at 
least one component within the fluid when the fluid is present near the infusion site. 

16. A leak detection system according to claim 15, wherein a product of a 
1 5 chemical reaction between the at least one chemical associated with the adhesive tape 

and the at least one component within the fluid is a colored complex. 

17. A leak detection system according to claim 15, wherein the at least 
one chemical associated with the adhesive tape is included with the adhesive on the 

2 0 adhesive tape. 
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18. A leak detection system to detect the presence of a fluid to be 
delivered into an individual's body that has leaked near an infusion site, the leak 
detection system comprising: 

a delivery device adapted for attachment to the individual's body; 
5 a delivery element configured to penetrate the individual's body at the 

infusion site and establish fluid communication between the delivery device and the 
individual's body, so that the fluid can travel from the delivery device into the 
individual's body; 

at least one chemical positioned near the infusion site tiiat reacts with at least 
1 0 one component within the fluid when the fluid is present near the infusion site; 

a product of a chemical reaction between the at least one chemical positioned 
near the infusion site and the at least one component within the fluid is a colored 
complex; 

an optical receiver that detects a change in Ught when the colored complex is 
1 5 created by the chemical reaction and provides an output signal indicating that a leak 
is detected; and 

a Ught conducting element that guides light from a point near the infusion site 
to the optical receiver. 

2 0 1 9. A leak detection system according to claim 1 8, wherein the light 

conducting element is at least one fiber optic cable. 

20. A leak detection system according to claim 1 8, wherein the light 
conducting element is a flexible tube filled with the fluid. 

25 

21. A leak detection system according to claim 1 8, wherein the leak 
detection system uicludes an alarm system, controlled by the output signal, to notify 
the individual when a leak is detected. 
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22. A leak detection system according to claim 21, wherein the alami 
system produces an audible soimd when a leak is detected. 

23. A leak detection system according to claim 21, wherein the alami 
5 system activates a vibrator when a leak is detected. 

24. A leak detection system to detect the presence of a fluid to be 
deUvered into an individual's body that has leaked near an infusion site, the leak 
detection system comprising: 

10 a delivery device adapted for attachment to the individual's body wherein the 

delivery device includes a delivery device base; 

a delivery element configured to penetrate the individual's body at the 
mfusion site and estabUsh fluid communication between the deUvery device and an 
individual's body, so that the fluid can travel fi-om the delivery device into the 
1 5 individual ' s body; 

a rosette positioned on the delivery device base to substantially surround the 

deUvery element; 

at least one electrical component coupled to the rosette to detect a change in 
at least one electrical characteristic associated with the rosette when a leak occurs; 
2 0 and 

a battery to supply power to the at least one electrical component. 

25 . A leak detection system according to claim 24, wherein the rosette is a 
closed circuit, such that the impedance across the rosette decreases as fluid leaks near 
2 5 the infusion site. 
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26. A leak detection system according to claim 24, wherein Are rosette is a 
closed circuit before a leak occurs, and at least portions of the rosette dissolve in the 
presence of the fluid, such that the impedance across the rosette increases as the at 
least portions of the rosette dissolve. 

5 

27. A leak detection system according to claim 24, wherein the rosette is 
ah open circuit, such that the circuit is closed when fluid leaks near the infusion site. 

28. A leak detection system according to claim 27, wherein one or more 
1 0 chemicals are positioned near the infusion site and wherein leaking fluid near the 

infusion site triggers an electrochemical reaction with the chemicals. 

29. A leak detection system according to claim 24, wherein the at least 
one electrical component detects voltage across the rosette. 

15 

30. A leak detection system according to claim 24, wherein the at least 
one electrical component detects impedance across the rosette. 

31. A leak detection system according to claim 24, wherein the at least 

2 0 one electrical component detects capacitance across the rosette. 

32. A leak detection system according to claim 24, wherein the leak 
detection system includes an alarm system, coupled to the battery and the at least one 
electrical component, to notify and indicate when a leak is detected. 

25 

33. A leak detection system according to claim 32, wherein the alarm 
system produces an audible sound when a leak is detected. 

34. A leak detection system according to claim 32, wherein the alarm 

3 0 system activates a vibrator when a leak is detected. 
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35. A leak detection system to detect the presence oT a fluid to be 
delivered into an individual's body that has leaked near an intended delivery site, the 
leak detection system comprising; 

a delivery attachment element adapted for attachment to the delivery site and 

5 a delivery element; 

a delivery element configured to penetrate the delivery site and establish fluid 
communication between the delivery attachment element and the individual's body, 
so that the fluid can travel from the deUvery attachment element and into the 
individual's body; and 
10 at least one reactive element positioned near the delivery site and coupled to 

at least one of the delivery attachment element and the delivery element so that when 
the fluid is present near tiie delivery site, the at least one reactive element reacts with 
at least one component within the fluid. 
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skin. In preferred embodiments of the present invention, the detection system includes a chemical positioned near the infusion site 
the reacts with preservatives in the leaking fluid to generate a highgiy visible, brightly colored, chemical complex. In alternative 
embodiments, mechanical, electro-optical, electrochemical, electrical or other chemical systems may be used to detect the presence 

^ of fluid that is leaking near the infusion site. 
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